ABSTRACT With the development of computer medical imaging technology, three-dimensional technology has been gradually applied in medicine. We try to investigate the application value of 3D technology in the preoperative evaluation of retroperitoneal tumors. The clinical data of 70 retroperitoneal tumor cases admitted to the clinical center were retrospectively analyzed. The preoperative abdominal CT images were converted to 3D images using XMQB liver 2.0 software. These 3D images were imported into XMQB-I human organ model 3D printing equipment, and physical models facilitate preoperative evaluation and surgical strategy. The reestablished models were compared with the actual conditions during the operation. 3D imaging was completed in all the 70 cases, containing 24 cases in the left abdominal cavity, 26 cases in the right abdominal cavity, 5 cases in the pelvic cavity, and 15 cases in the multi-sites. Also, 3D printing was successfully carried out in 20 cases. The 3D imaging and 3D printing models could stereoscopically, clearly and objectively display the spatial relationships of the tumor with surrounding organs and vessels. The operation was successfully performed on all the 70 cases without death during the preoperative period. 3D technology could accurately evaluate the retroperitoneal tumors at different positions before the operation, showing a certain value in making the preoperative strategy.
I. INTRODUCTION
Three-dimensional (3D) technology mainly consists of 3D imaging and 3D printing. 3D imaging technology refers to 3D visualization models reconstructed by software using twodimensional (2D) CT images. The IQQA system developed by EDDA Company is currently the most popular software for 3-D visualization, and XMQB software for 3G imaging has been developed by Xiamen Qiangben Technology Company Ltd in China. In recent years, 3D imaging technology has been widely applied in hepatic surgery, plastic surgery and orthopedics, but it is rarely applied in the preoperative evaluation of retroperitoneal tumors. Based on 3D imaging, 3D printing technology emerged in the 1980s. Different from traditional material processing methods, 3D printing is
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performed by assembling materials layer by layer. [1] The technology is mainly applied in space industry, architecture, car industry and heritage conservation. [2] However, it has rarely been applied in retroperitoneal tumor. In this study, we explored the application value of 3D technology in the preoperative evaluation of retroperitoneal tumors by using it to make preoperative strategy for 70 cases with retroperitoneal tumor.
II. SUBJECTS AND METHODS

A. SUBJECTS
In this study, there were 70 cases with retroperitoneal tumor, who were admitted to the Chenggong Hospital of Xiamen University between March 2011 and August 2016. Of the 70 cases, 44 were male and 26 female, with a mean age of 46 years. All patients have given their informed consent VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ and that the study protocol has been approved by the institute's committee on human research. Preoperative plain scan images and enhanced scan images of total abdomen were performed on all cases. Results showed that 52 cases had solitary retroperitoneal tumor and 18 cases multiple retroperitoneal tumors; retroperitoneal tumor occurred in the left abdominal cavity in 24 cases, in the right abdominal cavity in 26 cases, in the pelvic cavity in 5 cases and in multi-sites in 15 cases; 50 cases had primary tumor and 20 cases recurrent tumor. The inclusive criteria were: (1) patients with retroperitoneal tumor; (2) patients without distant organ metastasis; and (3) patients agreeing with 3D imaging and/or 3D printing evaluation. Exclusive criteria included (1) Intolerance to major surgery due to having other disease; and (2) unwillingness to accept the surgery.
B. METHODS 1) DATA ACQUISITION, 3d IMAGING AND 3d PRINTING MODELS
All patients underwent the preoperative plain scan image of upper abdomen and enhanced scan images of the arterial and portal vein (PV) phases using 320 slice spiral CT (Toshiba, Japan) with both a slice thickness and an interval of one millimeter. The contrast agent, 60 ml of iohexol injection (an ampule containing 100 ml or 35 g, concentration of 350 mg/ml, Beijing Beilu Pharmaceutical Jointstock Company, Beijing, China) was injected by the elbow vein using high-pressure syringe at a injection rate of 4 ml/s. The obtained data were stored in DICOM format, and then imported into XMQB liver2.0 for 3D imaging. The data of 3D imaging were led into XMQB-I human organ model 3D printing equipment, and then the model of retroperitoneal tumor was printed with a slice thickness of 0.1 mm at a printing rate of 3:1 using two-colored thermoplastic plastics.
2) 3D IMAGING USED FOR THE PREOPERATIVE EVALUATION
To completely observe the anatomical relationships of the tumors with abdomen organs and great vessels, the reconstructed model or its each part were zoomed, scaled, rotated and hyalinized by computer. The volumes of abdomen organs and tumors were computed by 3D voxel method.
3) 3D PRINTING MODEL USED FOR THE PREOPERATIVE EVALUATION
The tumor as well as all its surrounding solid organs and great vessels could be printed. Also, the organs and vessels doctors want to observe could be selectively printed to more clearly show their anatomic relationships. 3D printing was based on the data of 3D imaging, so 3D printing was consistent with 3D imaging in the anatomic relationships of the tumor with its surrounding solid organs and vessels. The surgical strategy was then determined based on the 3D imaging and 3D printing containing dynamic images and static models which could allow doctors to identify the locations of tumor and its surrounding organs and vessels.
4) SURGICAL PROCEDURES
All patients underwent laparotomy in stead of laparoscopic surgery. The incision was generally made in the abdomen. If the tumor had marked capsule and boundary, the adhesion between tumor and its surrounding tissues was gradually separated along the capsule to protect solid organs and vessels, and then the tumor was completely removed. It was necessary to cut out the affected organs when the organs were unable to separate from the tumors. Also, the affected great vessels were resected and reconstructed if necessary. The tumor was removed piece by piece if the tumor volume was so large that the surgical procedure was affected. For liposarcoma, fat in the abdomen and adipose capsules around organs were resected as much as possible. If the boundary between tumor and ureter was not clear in preoperative assessment, a ureteral stent should be implanted to protect the ureter during operation. In this study, reoperative assessment suggested that the right renal artery was involved by tumor in one case, preoperative arteriography and temporary arterial catheter implantation of right renal artery was performed to protect renal artery during operation.
III. RESULTS
A. 3D IMAGING RESULTS
In the 70 cases, 3D imaging was successfully completed by importing CT data into XMQB liver2.0. 3D imaging clearly displayed the abdomen great vessels, solid organs and tumors. The tumors could be observed stereoscopically from any angles, and the tumors and its adjacent organs could be separately displayed to exhibit the spatial relationship between tumor and its surrounding tissues. The volumes of solid organs and tumors, diameters and lengths of vessels were calculated using the affiliated software. From 3D imaging, we could see (1) the locations of tumors: the left abdominal cavity in 24 cases, the right abdominal cavity in 26 cases, the pelvic cavity in 5 cases and the multisites in 15 cases; (2) invasion: solid organs in 38 cases, intestine in 24 cases, great vessels in 15 cases. Examples of tumors at different anatomical locations were detailed as follows. Case 1: total abdominal retroperitoneal tumor. This 64-year-old male patient was admitted to hospital due to right iliac region distension for 2 years. CT scan showed that huge right retroperitoneal and abdominal space-occupying lesion, which was considered as lipoma or liposarcoma. Right kidney, liver, pancreas and intestine were compressed and displaced (Fig 1) . Pyelography showed that the long axis of right renal shadow which located in middle abdomen and overlapped with the vertebral bodies of the third and forth lumbar vertebra, was at transverse position, and midupper right ureter moved to the left side, which suggested retroperitoneal space-occupying lesion-caused right kidney displacement. Blood routine examination, blood biochemical indexes and tumor-related markers were normal. The admitting diagnosis was primary retroperitoneal liposarcoma. From the 3D imaging (Fig 2) , we could see (1) The tumor location: The tumor was mainly located in the right abdominal cavity and partial tumor in the left abdominal cavity. The tumor upper pole overlapped with right hepatic tissues and the tumor inferior pole was located in the pelvic cavity. The tumor volume was 8054.57 ml. (2) The relationships between tumor and vessels: the tumor surrounded the lower abdominal aorta to left and right common iliac artery, meanwhile it also wrapped the right renal vein and partial inferior vena cava. (3) The relationships between tumor and organs: The upper pole of the tumor was close to the ćö and ćoe segments of the right liver, and the hepatic tissue was compressed with deformation. The right kidney was surrounded by the tumor and displaced to left, and crossed before the lumbar vertebrae. Spleen, left kidney and stomach were not markedly affected. The 3D imaging of intestine failed to be reconstructed and its relation with the tumor was unclear.
Case 2: left abdominal retroperitoneal tumor. This 75-yearold male patient was admitted to hospital for upper abdomen distending pain for 2 months. CT scan showed a soft tissue mass shadow of 9.9 cm × 8.9 cm, located in the rear of the greater curvature of stomach, the front of kidney and spleen and the top of pancreas, containing large low-density necrosis area with plain CT scan value of 40HU and enhanced CT scan value of 50-76HU which was gradually enhanced during contrast-enhanced tri-phase. There was no clear boundary between tumor and posterior gastric wall, and the tumor also adhered with abdominal aorta, spleen, caudate lobe of liver, left kidney and pancreas. The left gastric artery was involved in the tumor blood supply. This suggested retroperitoneal tumor which might originate from stromal tumor of posterior gastric wall (Fig 3) . From the 3D imaging (Fig 4) , we could see: (1) Location: The tumor in the left upper abdomen was located among liver, Case 3: right abdominal retroperitoneal tumor. This 44-year-old female patient was admitted to hospital due to right upper abdominal mass detected in physical examination one month ago. Enhanced CT scan showed a soft tissue mass shadow of 5.9 cm × 4.7 cm located at right adrenal gland region, containing small patchy calcification, with significant enhancement in enhanced arterial phase and slight decrease in both venous and delayed phases. The boundary of the tumor was unclear with shaggy cloudy shadow. There was no clear boundary between the tumor and the inferior vena cava. Several enlarged lymph nodes were observed in the retroperitoneum and the biggest one was 2.1 cm × 1.5 cm in size. No obvious abnormality was observed in the left adrenal gland (Fig 5) .
From the 3D imaging (Fig 6) , we could see: (1) Location: The tumor was in the right upper abdomen and between the liver and right kidney. (2) Relation with vessels: The tumor compressed the inferior vena cava and portal vein, and invaded the right renal artery. (The surgery was carried out after right renal arterial catheterization performed by an interventional physician by inserting a 5F.COBRA tube into the second branching artery of right renal artery in order to protect the right renal artery). (3) Relation with peripheral organs: The tumor did not invade the liver and kidney.
Case 4: pelvic retroperitoneal tumor. This 48-year-old female patient was admitted to hospital due to left gluteal mass for 6 months. CT scan showed a huge soft tissue mass shadow of 7.3 cm × 12.4 cm with unclear boundary, which was located in the left border of pelvic floor, the left posterior of vagina and the left border of rectum, with plain CT scan value of 38HU and enhanced arterial phase value of 43-65HU which was slightly enhanced. The tumor adhered with rectum, posterior wall of vagina, left obturator internus and left piriformis, and invaded down into the left perianal space without a boundary with pelvic floor tissues. The size and shape of uterus were normal, and the bladder was filled well without finding thick wall. This patient was diagnosed with huge space-occupying lesion in the left pelvic floor, which was considered as malignant tumor (Fig 7) .
From the 3D imaging (Fig 8) , we could see: (1) Location: The tumor was located in the left border of pelvic floor, the left posterior of vagina and the left border of rectum.
(2) Relation with vessels: The tumor blood supply was from 
B. 3D PRINTING RESULTS
Clinical data from only 20 of the 70 cases were successfully printed into 3D models, because the application of 3D printing was later than 3D imaging in our department. The plastic models clearly showed the tumor anatomic position and the spatial relationship between tumors and surrounding tissues.
Case 5: 3D printing. The 3D imaging data from the case with left peritoneal retroperitoneal tumor were printed into 3D model. To better display the relationships of tumor with vessels and organs, we printed two models (Fig 9) , one contained all vessels and organs, but another didn't contain the stomach, pancreas and spleen. The location of tumor and the relationships of the tumor with organs and vessels displayed by the model were the same as that of the 3D imaging because the model was made based on the data of 3D imaging. The surgical strategy was then determined based on the 3D imaging and 3D printing containing dynamic images and static models which could allow doctors to identify the locations of tumor as well as its surrounding organs and vessels.
Case 6: 3D printing. The 3D imaging data from the case with the right peritoneal retroperitoneal tumor were printed into 3D model using two-colored thermoplastic plastics (Fig 10) . The evaluation results by 3D printing were consistent with that of 3D imaging results. 
C. OPERATION RESULTS
All the 70 cases accepted retroperitoneal tumor resection. The operation duration lasted for 245 ± 135 min, and intraoperative blood loss was about 1340 ± 780 ml. The tumor VOLUME 7, 2019 location and the conditions of involved organ and vessel during operation were consistent with that displayed by 3D imaging or 3D printing. Unilateral nephrectomy was also performed on 5 cases, great vessel was resected and reconstructed in 7 cases, partial bowel was removed in 12 cases and partial hepatectomy was performed on 2 cases. No patient died during the peroperative period.
Case 7: The 3D imaging was from the case with total abdominal retroperitoneal tumor. A 30 cm-midline right circumumbilical incision was made in the abdomen, upward to xiphoid process and downward to the upper edge of pubic symphysis. The longitudinal diameter and the transverse diameter of the tumor were about 38 cm and 30 cm, respectively (Fig 11A) . The upper pole of the tumor invaded the right posterior lobe of the liver and the inferior pole of the tumor was located in the pelvic cavity. The intestine was compressed and displaced to the left. As the tumor was large, we decided to remove the inferior pole of the tumor (Fig 11B) , and then separated the adhesion between the tumor and intestinal mesentery. The tumor shaded the surgical field, which affected surgical procedure. Because of less blood supply of liposarcoma, the inferior pole of tumor was resected to expose the relationship between the bottom side of tumor and abdominal organs. The right kidney, surrounded by the tumor, was displaced and crossed before the inferior vena cava and lumbar vertebrae. The right kidney and its pedicle including artery, vein and ureter were surrounded by tumor (Fig 11C) . After separation of the part of inferior vena cava surrounded by tumor (Fig 11D) , the right kidney was separated along the capsule from the tumor under the condition of protecting the renal artery, renal vein and ureter (Fig 11E) . The posterior of the tumor invaded the inferior vena cava, namely, that partial tumor was across the inferior vena cava and to the lesser curvature of stomach. The tumor was completely separated along the capsule from the inferior vena cava. After the tumor was pulled to the left side, the lateral peritoneum was excised and the posterior and top of the tumor were separated. The upper edge of the tumor was behind the right posterior of liver and invaded the liver. The right triangular ligament and coronary ligament were ligatured and cut, and the right liver was hold out and the mass was resected by clamping method (Fig 11F) , then the tumor was completely removed (Fig 11G) .
Case 8: The case with left abdominal retroperitoneal tumor: A 30 cm-midline circumumbilical incision was made in upper abdomen. There was a small amount of abdominal ascites and a mass about 10cm×10cm which was hard and was located among stomach, pancreas and spleen. The tumor invaded posterior gastric wall, the body and the tail of the pancreas and splenic hilus. No metastases were observed in the liver, the colon and the intestine were not abnormal, and no metastasis was found in the pelvic cavity. The left gastric artery and splenic artery involved by tumor were seen after the celiac trunk at the right side of tumor was separated, then both arteries were cut off (Fig 12A and 12B) . The upper and lower margins of the pancreatic neck were separated, the body and tail of pancreas were transected and the splenic vein was cut off. Endo-GIA Stapler was to transect the gastric wall at 5cm away from gastric wall invaded by tumor, cardia was liberated and transected, tumor was separated from the left posterior abdominal wall and left kidney. Finally, the tumor, proximal stomach, the body and tail of pancreas and spleen were resected (Fig 12C and 12D) , and distal stomach and cardia were anastomosed by stapler.
IV. DISCUSSION
The primary retroperitoneal tumor originates from retroperitoneal space. When we diagnose primary retroperitoneal tumor, the tumors in some organs such as pancreas, kidney, adrenal gland and vessels, as well as metastatic tumors from other parts must be excluded. The retroperitoneal space is the region between posterior abdominal wall and posterior peritoneum, which extend upward till the diaphragm, downward till the pelvic cavity, and outward till the anterior lateral abdominal wall in both sides. There are some challenges in the diagnosis and treatment of primary retroperitoneal tumor because early diagnosis of primary retroperitoneal tumor is difficult due to deep location and non-specific clinical symptoms, and primary retroperitoneal tumor has generally invaded abdominal great vessels and organs when it is found. [3] Retroperitoneal tumors could be grouped into various histological types according to their origins including mesenchymal tissue, nerve tissue, embryonic tissue and unknown origin. [4] - [6] Surgery plays a principal role in the treatment of retroperitoneal tumors because most types of retroperitoneal tumor are insensitive to chemotherapy and radiotherapy. [7] , [8] It is important if a radical operation might be carried out, because it is closely associated with postoperative survival rate. [9] However, the removal of retroperitoneal tumor is usually difficult because of complex anatomical relationship and high recurrence rate, thus accurate preoperative anatomical evaluation for retroperitoneal tumor is an extremely important step in its diagnosis and treatment.
Nowadays, preoperative assessment is mainly based on imaging examinations, such as ultrasound, CT and MRI. CT examination, characterized by its high resolution and image clarity, is capable of showing the boundary of retroperitoneal tumor and the condition of compression and displacement of peripheral organs and great vessels caused by tumor, thus it has high value in diagnosis of retroperitoneal tumor. [10] However, CT image is two-dimensional (2D) image, so it couldn't show the tumor and vessels stereoscopically. The 3D reconstruction could convert CT 2D flat images into 3D images, which could be randomly rotated, zoomed and combined to clearly display the volume and shape of tumor, the courses and morphology of vessels and the anatomical relations of tumor with organs and vessels, thus reducing the errors caused by original 2D CT images to assess the volume and invasion of the tumor, and enhancing the accuracy and reliability of preoperative evaluation. [11] Therefore, 3D reconstruction could provide better assistance in the preoperative evaluation of tumor and the surgical strategy. [12] 3D imaging technology has been rarely applied in retroperitoneal tumor mainly because of the following reasons: (1) CT scan of soft tumor tissues is not as clear as that of solid tumor. (2) Reconstruction is difficult because too many organs and vessels in retroperitoneum and abdominal cavity. [13] At present, most 3D imaging systems only could use CT imaging results to reconstruct. However MRI is better than CT in the retroperitoneal soft tissue tumor because MRI has a higher soft tissue contrast than CT. Thus, further development and improvement of 3D imaging software should focus on how to combine the data of CT imaging and MRI imaging in the reconstruction of 3D imaging.
The 3D printing technology, also known as incremental manufacturing technology, is based on 3D digital model which is assembled by layered machining and superposition layer by layer. The application of 3D printing technology in clinical medicine is still at the initial stage because most repots about it are case studies. Little research has been done on the application of 3D printing technology in large-scale sample. There also are some problems remain be resolved, such as printing material, safety, cost, privacy and ethics. [14] Compared with traditional image data, 3D [15] printing models could display the tumor anatomical structure more intuitively, amply and clearly. By 3D printing models, doctors could assess patient's preoperative condition, make surgical strategy and simulate surgical procedures to ensure more accurate and safe surgical treatment. Also, the 3D model could help patients understand the condition of lesion, surgical strategy and risk in order to increase the trust between doctors and patients during the doctor-patient communication. The 3D printing models in this study have achieved all the effects above in clinical application.
The retroperitoneal tumor reported in this study contains single, multiple, first discovered and recurrent tumors at various locations and all underwent successful 3D imaging. From this study, we obtained the following experiences: (1) Evaluating the relation between retroperitoneal tumor and abdominal organs requires the reconstruction of both solid organs, such as liver, spleen, kidney and pancreas, and hollow organs, such as stomach and bladder. (It has been just assumed that the data of gastrointestinal radiography could be converted into 3D imaging, because CT data of intestine can not be used to reconstruct 3D imaging currently). (2) To evaluate the relation of retroperitoneal tumor with important vessels, it is necessary to reconstruct abdominal great vessels, such as abdominal aorta, renal artery, hepatic artery, iliac artery, inferior vena cava, portal vein, renal vein and iliac vein. (3) The combination of automatic recognition by software and artificial correction is needed to improve the accuracy during reconstruction, because the radiography of abdominal soft tissue neoplasms is not as clear as that of solid tumor.
V. CONCLUSION
In this study, the digital data of 3D images were converted into 3D models by 3D imaging combined 3D printing technology, which makes the preoperative evaluation more accurate and objective. In these patients, both the 3D imaging and 3D printing models could clearly display the relationships of tumor with its surrounding vessels and organs, which were approximately consistent with the actual condition. Therefore, surgeons could know the risks that may occur during operation beforehand, and make reliable surgical strategy, thus avoiding surgical blindness and decreasing surgical risks (No death occurred during perioperative period in this study). [16] Although there are still some issues needed to be further improved in 3D imaging and 3D printing technology, they generally possess a certain value in preoperative evaluation of retroperitoneal tumor. 
